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Abstract 

Background:  Necrotizing enterocolitis (NEC) is a gastrointestinal disease that tends to occur in premature infants. 
Some features may be associated with an increased probability that preterm infants with NEC will require surgical 
treatment. This study aimed to identify the factors that increased the probability of surgical treatment in infants with 
NEC.

Methods:  We retrospectively analyzed the data of premature infants with NEC who were hospitalized at The Affili-
ated Hospital of Qingdao University from April 2011 to April 2021. According to the treatments received, these 
patients were divided into medical NEC group and surgical NEC group. The perinatal characteristics, clinical manifesta-
tions, and laboratory values before the onset of NEC were subjected to univariate and multivariate analyses.

Results:  A total of 623 preterm infants with NEC (> Bell’s stage I) were included in this study, including 350 (56%) 
who received surgical treatment and 273 (44%) who received conservative medical treatment. Multivariate analysis 
showed that lower gestational age (P = 0.001, odds ratio (OR) (95% CI) = 0.91[0.86–0.96]), early occurrence of NEC 
(P = 0.003, OR (95% CI) = 0.86 [0.77–0.95]), hemodynamically significant patent ductus arteriosus (P = 0.003, OR (95% 
CI) = 7.50 [2.03–28.47]), and low serum bicarbonate (P = 0.043, OR (95% CI) = 0.863 [0.749–0.995]) were associated 
with an increased probability of surgical treatment in preterm infants with NEC.

Conclusions:  Our findings were applied to identify potential predictors for surgical treatment in preterm infants with 
NEC, which may facilitate early decisive management.
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Background
Necrotizing enterocolitis (NEC) is a serious gastroin-
testinal disease of the neonatal period that is especially 
common in premature infants [1]. With the increasing 
availability of neonatal intensive care units and techni-
cal improvements, the survival rate of preterm infants is 
increasing yearly, and the incidence of NEC is also gradu-
ally increasing [2]. The reported incidence rate of NEC 

in the United States is 0.07–0.1% in general and reaches 
5–10% in very low birth weight infants, and approxi-
mately 30–50% of NEC patients require surgical treat-
ment [3].

The slow and insidious onset and the nonspecific 
clinical manifestations of NEC make an accurate diag-
nosis difficult. For clinicians, the diagnosis of NEC is 
mostly based on the observation of nonspecific sys-
temic inflammatory signs and abdominal signs com-
bined with radiography. Even the widely accepted 
pathognomonic features of pneumatosis and portal 
venous gas occur late in disease and can be subject to 
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interobserver variability [4]. To date, there is still con-
troversy regarding which clinical manifestations and 
laboratory tests can be used as potential predictors of 
the clinical deterioration of NEC. Therefore, our goal 
is to determine which perinatal characteristics, clinical 
manifestations, and laboratory test results are associ-
ated with an increased probability of receiving surgical 
treatment in preterm infants with NEC.

Methods
Subjects
We retrospectively analyzed the medical records of 
preterm infants (gestational age < 37 weeks) treated in 
the Affiliated Hospital of Qingdao University who were 
diagnosed with NEC during the period from April 2011 
to April 2021. NEC (> Bell’s stage I) was diagnosed 
based on clinical manifestations and imaging findings 
[5]. To determine which factors are related to the sever-
ity of NEC and the increased probability of receiving 
surgical treatment in preterm infants, we collected per-
inatal data, clinical manifestations, and laboratory test 
results before the onset of NEC and the relevant results 
during medical or surgical treatment.

All medical records were collected independently by 
two experts, and consensus was reached through con-
sultation in case of disagreement. Based on treatment, 
the patients were divided into a medical necrotizing 
enterocolitis (mNEC) group and a surgical necrotizing 
enterocolitis (sNEC) group. The indications for surgery 
were obvious intestinal perforation (pneumoperito-
neum) on radiographs or suspected intestinal necro-
sis or intestinal perforation that was not confirmed 
by radiographs when the clinical symptoms were not 
improved after long-term conservative treatment. The 
presence of pneumoperitoneum was confirmed by 
preoperative radiography or intraoperative explora-
tion and pathological examination results. Patients 
who had surgical indications but could not undergo 
surgical treatment due to the severity of their condi-
tion were assigned to the sNEC group. Patients in the 
sNEC group were excluded if they were diagnosed with 
solitary perforation during exploratory laparotomy and 
pathological examination. Surgical methods included 
abdominal drainage, exploratory laparotomy, intestinal 
resection and anastomosis, and enterostomy.

The study was conducted in accordance with the Dec-
laration of Helsinki and this study was approved by the 
Ethics Committee of The Affiliated Hospital of Qing-
dao University (Project identification code: QDFY-
KY-2021-012). Given the retrospective nature of this 
study, the ethics committee approved the waiver of par-
ents’ written consent.

Statistical analysis
SAS v 9.4 (SAS Institute, Carly, NC) was used for the sta-
tistical analysis. A 2-tailed P < 0.05 was considered sta-
tistically significant. First, frequency distributions and 
descriptive statistics were retrieved, and the distribu-
tion of the data was assessed for normality by applying a 
Shapiro-Wilk test. Continuous variables are expressed as 
median (interquartile range) and were analyzed with the 
Mann-Whitney test. Categorical variables are expressed 
as numbers (%) and were analyzed with the chi-squared 
test, Cochran-Armitage trend test, or 2-tailed Fisher’s 
exact test. Univariate and multivariate logistic regres-
sion analyses were performed to identify the surgical risk 
factors for necrotizing enterocolitis. The results are pre-
sented as two-tailed p values, odds ratios (OR), and cor-
responding 95% confidence intervals (95% CI).

Results
Pre‑ and perinatal variables
A total of 623 preterm infants with NEC were included 
in this study, including 340 males and 283 females with 
an average gestational age of 29 + 2 weeks (interquartile 
range = 24 + 6-35 + 5) and an average birth weight of 
1105.2 ± 272.8 g. A total of 162 patients were diagnosed 
as stage IIA, 60 were diagnosed as stage IIB, 222 were 
diagnosed as stage IIIA, and 179 were diagnosed as stage 
IIIB. The corrected gestational age at the onset of NEC 
was 31 + 1 weeks in the mNEC group and 29 + 5 weeks in 
the sNEC group. A total of 350 (56%) patients received 
surgical treatment, and 273 (44%) patients received con-
servative medical treatment. There were 42 patients 
who had surgical indications but were determined to be 
unsuitable for surgical treatment due to the presence of 
surgical contraindications. These 42 patients eventually 
died of NEC. The mortality rate was 10% (17 out of 162) 
for stage IIA NEC, 0% (0 out of 60) for stage IIB, 65% (145 
out of 222) for stage IIIA, and 47% (85 out of 179) for 
stage IIIB. The mortality rate was 8% (23 out of 273) in 
the mNEC group and 64% (224 out of 350) in the sNEC 
group. Compared with NEC patients who received only 
conservative medical treatment, lower gestational age 
(P = 0.001) and lower birth weight (P = 0.015) were posi-
tively correlated with an increased probability of receiv-
ing surgical treatment. Multivariate analysis showed that 
for every increase of 1 day in gestational age at birth, the 
risk of receiving surgical treatment decreased by approxi-
mately 9% (Table 1).

Clinical variables
Age at the onset of NEC (P = 0.007), hemodynamically 
significant patent ductus arteriosus (hsPDA) (P = 0.007), 
the occurrence of late-onset sepsis within 72 h before the 
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onset of NEC (P = 0.022), and failure to achieve complete 
enteral nutrition before the onset of NEC (P = 0.003) 
were associated with an increased probability of receiv-
ing surgical treatment. Multivariate analysis of the above 
factors showed that the diagnosis of NEC 1 day earlier 
increased the probability of receiving surgical treatment 
by approximately 14% and that hsPDA increased the 
pediatric patients’ probability of receiving surgical treat-
ment by 650% (Table 2).

Laboratory variables
The results of laboratory examinations performed within 
72 h before the onset of NEC showed that low platelet 
count (P = 0.019), low serum bicarbonate (P = 0.003), 
and high base excess (P = 0.004) were associated with an 
increased probability of receiving surgical treatment in 
NEC patients. Multivariate analysis of the above results 
showed that for every 1% decrease in the serum bicarbo-
nate level of NEC patients, the probability receiving sur-
gical treatment increased by 14% (Table 3).

Discussion
NEC is an idiopathic inflammatory disease character-
ized by extensive hemorrhage and necrosis of the small 
intestine and colon. It is the leading cause of emergency 
gastrointestinal surgery during the neonatal period and 
is a leading cause of death in preterm infants between 
2 weeks and 2 months of age [6, 7]. In clinical practice, 
NEC can be controlled in approximately half of infants 

after fasting, antibiotic treatment, and supportive treat-
ment. However, some children require surgical interven-
tion due to the progressive aggravation of the disease. 
Therefore, early recognition of the clinical manifestations 
of NEC deterioration and timely diagnosis and treatment 
are extremely important to reduce the mortality of NEC.

Similar to the results of some previous studies, our 
study found that children with a lower gestational age 
and birth weight were more likely to receive surgi-
cal treatment. Many scholars have also reached similar 
conclusions. Bazacliu et al. [8] found that the morbidity 
and mortality of NEC were inversely proportional to the 
gestational age. In a 2-year national study in the United 
Kingdom, the incidence of NEC was 11% in infants born 
at 24 weeks of gestation but decreased to 0.5% in infants 
born at 31 weeks of gestation [9]. Hull et  al. [10] found 
that the probability of receiving surgery in children with 
NEC decreased with increasing birth weight, namely, 
for every 100 g increase of birth weight, the probability 
of undergoing surgery was reduced by approximately 
5%. In a study on the incidence rates of NEC in infants 
of different races, the authors found that the propor-
tion of infants with preterm birth and low birth weight 
was higher in Hispanic and non-Hispanic black infants; 
thus, they speculated that premature birth and low birth 
weight, rather than ethnic factors, led to the higher inci-
dence of NEC [11]. These findings can be explained by the 
immature intestinal development of preterm infants. The 
gastrointestinal tract supports the immune system and 

Table 1  Pre- and perinatal characteristics of surgical and medical NEC patients

IQR Interquartile range, SD Standard deviation, n Number, PPROM Prelabor rupture of the membrane

Surgical NEC (n = 350) Medical NEC (n = 273) P Unadjusted OR [95%CI] P Adjusted OR [95%CI]

Gestational age (median [IQR] 
weeks+days)

28 + 1 [24 + 6-33 + 3] 30 + 4 [27 + 1-35 + 5] 0.001 0.92 [0.87–0.96] 0.001 0.91 [0.86–0.96]

Birth weight (mean [SD], g) 1014.9 [207.2] 1264.9 [256.8] 0.015 0.997 [0.995–0.999]

Gender male (n [%]) 187 [53.4] 153 [56.0] 0.825 0.90 [0.36–2.28]

Delivery mode vaginal delivery 
(n [%])

247 [70.6] 136 [49.8] 0.073 0.41 [0.16–1.09]

Multiple birth (n [%]) 153 [43.7] 102 [37.4] 0.581 1.30 [0.51–3.36]

PPROM (n [%]) 68 [19.4] 25 [9.2] 0.239 2.34 [0.57–9.67]

Meconium amniotic fluid (n [%]) 0 [0] 17 [6.2] 0.999 NA

1-min Apgar (median [IQR]) 5 [3–8] 5 [2–6] 0.360 1.10 [0.90–1.342]

5-min Apgar (median [IQR]) 8 [7–9] 7 [6–8] 0.834 1.03 [0.80–1.31]

Mother’s age (mean [SD]) 29 [4] 28 [6] 0.717 1.02 [0.92–1.12]

Antibiotics during pregnancy 
(n [%])

68 [19.4] 76 [27.8] 0.390 0.62 [0.21–1.85]

Antihypertensive medication 
(n [%])

25 [7.1] 57 [20.9] 0.160 0.34 [0.08–1.52]

Corticosteroids (n [%]) 256 [73.1] 238 [87.2] 0.141 0.39 [0.11–1.37]

Magnesium sulfate (n [%]) 85 [24.3] 119 [43.6] 0.084 0.42 [0.15–1.13]

Oxytocin antagonist (n [%]) 68 [19.4] 76 [27.8] 0.390 0.62 [0.21–1.85]
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nervous system, which may be a determinant of intesti-
nal injury and inflammation in infants with NEC. Patho-
genic microorganisms invade the immature intestinal 
tract, resulting in increased morbidity and mortality. In 
addition, many infants with NEC achieve a high volume 
of enteral feeding at the time of onset, but the increase 

in intestinal volume may provide more substrate for the 
growth of pathogenic microorganisms and place greater 
pressure on the intestine. In contrast, the development 
of gut microbiota in preterm infants differs from that 
in full-term infants [12]. Studies have shown that pre-
term infants have lower gut microbial diversity, different 

Table 2  Clinical features for surgical and medical NEC patients

IQR Interquartile range, n Number, RBC Red blood cell, PDA Potent ducts arteriosus

Surgical 
NEC 
(n = 350)

Medical 
NEC 
(n = 273)

P Unadjusted OR [95%CI] P Adjusted OR [95%CI]

NEC onset days (median [IQR]) 10 [7–15] 15 [9–21] 0.007 0.90 [0.83–0.97] 0.003 0.85 [0.77–0.95]

Time until first defecation days (median [IQR]) 2 [1–3] 2 [1–4] 0.716 0.95 [0.72–1.26]

Late onset sepsis < 72 h prior to clinical onset (n [%]) 204 [58.3] 85 [31.1] 0.022 3.11 [1.18–8.21]

Hemodynamically significant PDA (n [%]) 187 [53.4] 59 [21.6] 0.007 4.14 [1.46–11.69] 0.003 7.60 [2.03–28.47]

RBC transfusion days (median [IQR]) 1 [1–2] 1 [0–3] 0.619 0.92 [0.67–1.27]

Mechanic ventilation exposure (n [%]) 256 [73.1] 153 [56.0] 0.134 2.12 [0.79–5.67]

Mechanic ventilation days (median [IQR]) 4 [1–6] 3 [0–9] 0.767 1.01 [0.92–1.11]

Enteral feeding type (n [%])

  Breast milk 139 [39.7] 112 [41.0] 0.346 Reference

  Formula milk 42 [12.0] 8 [2.9] 0.211 4.29 [0.44–41.95]

  Combination 169 [48.3] 153 [56.1] 0.682 0.80 [0.28–2.28]

Achieved full enteral feeding (n [%]) 128 [36.5] 170 [62.3] 0.030 0.35 [0.13–0.90]

Total days parenteral feeding (median [IQR]) 9 [5–13] 9 [5–12] 0.894 1.01 [0.90–1.13]

Postpartum antibiotics (n [%])

  Not administered 25 [7.1] 76 [27.8] 0.081 Reference

  1–3 days administered 187 [53.4] 119 [43.6] 0.038 4.71 [1.09–20.47]

  > 3 days administered 138 [39.5] 78 [28.6] 0.033 5.33 [1.14–24.90]

Antibiotics days (median [IQR]) 5 [3–9] 6 [3–8] 0.844 0.99 [0.89–1.11]

Medication (n [%])

  Antimycotics 76 [21.7] 51 [18.7] 0.737 1.22 [0.38–3.87]

  Corticosteroids 42 [12.0] 25 [9.2] 0.703 1.34 [0.30–6.09]

  Inotropes 128 [36.6] 51 [18.7] 0.100 2.50 [0.84–7.45]

Table 3  Laboratory values of NEC patients in the study

SD Standard deviation, CRP C-reactive protein, NEC Necrotizing enterocolitis, OR Odds ratio, IQR Interquartile range, HCO3
− Bicarbonate

Surgical NEC (n = 350) Medical NEC (n = 273) P Unadjusted OR [95%CI] P Adjusted OR [95%CI]

Leucocytes× 109/L (median 
[IQR])

20.4 [10.8–29.2] 17.2 [10.3–32.9] 0.945 0.998 [0.952–1.047]

Hemoglobin mmol/L (mean [SD]) 7.9 [1.06] 8.1 [1.7] 0.656 0.92 [0.62–1.35]

Platelet counts×109/L (median 
[IQR])

146 [91–267] 272 [177–389] 0.019 0.995 [0.990–0.999]

Arterial blood gas (mean [SD])

  PH 7.18 [0.10] 7.23 [0.12] 0.058 0.00 [0.00–1.23]

  PCO2 KPa 7.63 [1.83] 8.05 [3.07] 0.562 0.93 [0.73–1.18]

  PO2 KPa 4.91 [1.95] 4.23 [3.62] 0.734 0.96 [0.76–1.22]

  HCO3
− mmol/L 20.35 [4.92] 26.71 [6.84] 0.003 0.83 [0.74–0.94] 0.043 0.863 [0.749–0.995]

  Base excess mmol/L −8.0 [5.02] −1.6 [7.2] 0.004 0.85 [0.76–0.95]

  Lactate mmol/L 1.91 [0.73] 2.74 [1.39] 0.145 0.42 [0.13–1.35]
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colonized microbes in the intestine, and more potential 
pathogenic bacteria [13, 14]. A multivariate analysis of 
the above factors showed that only lower gestational age 
was an independent predictor of the incidence of sNEC.

In our study, we found that NEC occurred earlier in 
children who required surgical treatment than in those 
who required only medical treatment. This result was 
confirmed by Duci et al. [15]. The intestinal tract matures 
gradually over time after birth, which may reduce the 
probability of undergoing surgery in infants with severe 
NEC. There is controversy regarding whether there is a 
correlation between patent ductus arteriosus (PDA) and 
the occurrence of NEC. It has been reported that com-
pared with NEC patients without PDA, NEC patients 
with PDA have a better prognosis [16]. However, another 
study found that the presence of PDA increased the mor-
tality of NEC patients [17]. In addition, extremely low 
birth weight infants have a significantly higher incidence 
of PDA, which is commonly treated with nonsteroidal 
anti-inflammatory drugs (NSAIDs). Another study has 
shown that the incidence and severity of NEC are related 
to the use of NSAIDs [18]. In our study, we found that 
many children with NEC had received NSAIDs to treat 
hsPDA, which was found to be related to an increased 
probability of receiving surgical treatment. We specu-
lated that the deterioration of the condition of NEC 
patients with hsPDA might be due to the decreased intes-
tinal perfusion and decreased oxygenation caused by 
hsPDA. Multivariate analysis showed that clinical early-
onset NEC and hsPDA that required treatment were 
associated with an increased probability of surgical treat-
ment in NEC patients and were independent predictors 
for sNEC.

In some studies, sepsis has been identified as a risk 
factor for NEC [19, 20]. The onset of NEC can be lik-
ened to that of early onset sepsis, which is rapid and 
fatal and has serious consequences for patients. Studies 
have shown that the incidence of NEC in children with 
sepsis is almost 3 times that in children without sep-
sis [21]. Antibiotics are the most commonly used drugs 
in neonatal intensive care units, especially for extremely 
premature infants. The use of antibiotics reduces the bio-
logical diversity of gut microbiota, delays the coloniza-
tion of beneficial microbes, and promotes the excessive 
growth of pathogenic bacteria. At least 3 cohort studies 
have found that the empirical use of antibiotics for more 
than 4 days increased the risk of NEC [22–24]. Alexander 
et al. [24] reported that the incidence of NEC was 3 times 
higher in newborns who received prophylactic antibiotics 
for more than 10 days. A univariate analysis found that 
the failure of infants to achieve complete enteral feeding 
before the onset of NEC was associated with an increased 
probability of receiving surgical treatment. The reason 

may be that these infants were born at lower gestational 
ages, and immature intestinal development caused them 
to fail to achieve complete enteral feeding. In addition, 
compared with full-term infants, preterm infants have 
significantly delayed gastric emptying.

To date, clinical indicators are not reliable for pre-
dicting when NEC will occur or which children will 
develop NEC. Laboratory test results, such as increased 
or decreased white blood cell count, thrombocytopenia, 
metabolic acidosis, unstable glucose levels, and elevated 
C-reactive protein levels, can be observed in patients 
with NEC. However, these results still lack sensitivity and 
specificity [25, 26]. In our study, low platelet count, low 
serum HCO3

−
, and increased standard base excess were 

associated with an increased probability of receiving sur-
gical treatment in NEC patients. However, in the multi-
variate analysis, only low serum HCO3

− was identified as 
an independent predictor of an increased probability of 
undergoing surgery in NEC infants. Low serum bicarbo-
nate can lead to metabolic acidosis, causing poor circula-
tion or severe bicarbonate loss. Therefore, the abnormal 
serum HCO3

− and standard base excess in the sNEC 
group were not surprising because serum HCO3

− and 
standard base excess reflect the infants’ metabolic state.

Similar to other retrospective studies, this study has 
some inherent and unavoidable limitations. First, our 
study was based on a single center and might be affected 
by various biases. In general, multicenter and large-sam-
ple studies have less bias. Second, the data used in this 
study were collected from records in our electronic med-
ical record system, and some important data might have 
not been recorded. Therefore, further prospective stud-
ies are needed to elucidate the reasons for the increased 
probability of surgical treatment in preterm infants with 
NEC.

Conclusions
NEC is the most common and fatal gastrointestinal dis-
ease in preterm infants. There is an urgent need to make 
a timely and accurate diagnosis of NEC and to determine 
which children are at high risk of requiring surgery. The 
leading risk factors for an increased probability of receiv-
ing surgery in our study were lower gestational age, early 
occurrence of NEC after birth, hsPDA, and low serum 
bicarbonate. Our findings may support the clinician to 
identify infants with increased risk for sNEC, potentially 
leading to earlier surgical consultation, additional diag-
nostics, or even surgical intervention.

Abbreviations
NEC: Necrotizing enterocolitis; mNEC: Medical necrotizing enterocolitis; sNEC: 
Surgical necrotizing enterocolitis; hsPDA: Hemodynamically significant patent 



Page 6 of 6Liu et al. BMC Pediatrics            (2022) 22:9 

ductus arteriosus; PDA: Patent ductus arteriosus; NSAIDs: Nonsteroidal anti-
inflammatory drugs.

Acknowledgements
Not applicable.

Authors’ contributions
Y.L., L.Q. contributed to the conception of the research; X.W., Z.J., and X.H. 
contributed to the acquisition and analysis of the data; Y.L. drafted the manu-
script. All authors critically revised the manuscript, and approved the final 
manuscript.

Funding
None.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was performed according to the World Medical Association 
Declaration of Helsinki, and This study was approved by the Ethics Committee 
of The Affiliated Hospital of Qingdao University (Project identification code: 
QDFY-KY-2021-012). Given the retrospective nature of this study, the ethics 
committee approved the waiver of parents’ written consent. The waiver will 
not adversely affect the rights and welfare of the patients and all data relating 
to patients are kept anonymized.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interest.

Author details
1 Department of Pediatric Surgery, The Affiliated Hospital of Qingdao Univer-
sity, Qingdao 266000, Shandong Province, China. 2 Department of Pediatric 
Endocrinology and Genetic Metabolic Diseases, Qingdao Women and Chil-
dren’s Hospital, Qingdao 266000, Shandong Province, China. 

Received: 26 May 2021   Accepted: 25 October 2021

References
	1.	 Neu J, Walker WA. Necrotizing enterocolitis. N Engl J Med. 

2011;364(3):255–64.
	2.	 Sadeghirad B, Morgan RL, Zeraatkar D, Zea AM, Couban R, Johnston BC, 

et al. Human and bovine colostrum for prevention of necrotizing entero-
colitis: a meta-analysis. Pediatrics. 2018;142(2):e20180767.

	3.	 Warner BB, Deych E, Zhou YJ, Hall-Moore C, Weinstock GM, Sodergren 
E, et al. Gut bacteria dysbiosis and necrotising enterocolitis in very 
low birthweight infants: a prospective case-control study. Lancet. 
2016;387(10031):1928–36.

	4.	 Tam AL, Camberos A, Applebaum H. Surgical decision making in necrotiz-
ing enterocolitis and focal intestinal perforation: predictive value of 
radiologic findings. J Pediatr Surg. 2002;37(12):1688–91.

	5.	 Bell MJ, Ternberg JL, Feigin RD, Keating JP, Marshall R, Barton L, et al. Neo-
natal necrotizing enterocolitis. Therapeutic decisions based upon clinical 
staging. Ann Surg. 1978;187(1):1–7.

	6.	 Lin PW, Stoll BJ. Necrotising enterocolitis. Lancet. 2006;368(9543):1271–83.
	7.	 Patel RM, Kandefer S, Walsh MC, Bell EF, Carlo WA, Laptook AR, et al. 

Causes and timing of death in extremely premature infants from 2000 
through 2011. N Engl J Med. 2015;372(4):331–40.

	8.	 Bazacliu C, Neu J. Necrotizing enterocolitis: long term complications. Curr 
Pediatr Rev. 2019;15(2):115–24.

	9.	 Battersby C, Longford N, Mandalia S, Costeloe K, Modi N, group UKNCNEs. 
Incidence and enteral feed antecedents of severe neonatal necrotising 
enterocolitis across neonatal networks in England, 2012-13: a whole pop-
ulation surveillance study. Lancet Gastroenterol Hepatol. 2017;2(1):43–51.

	10.	 Hull MA, Fisher JG, Gutierrez IM, Jones BA, Kang KH, Kenny M, et al. 
Mortality and management of surgical necrotizing enterocolitis in very 
low birth weight neonates: a prospective cohort study. J Am Coll Surg. 
2014;218(6):1148–55.

	11.	 Manuck TA. Racial and ethnic differences in preterm birth: a complex, 
multifactorial problem. Semin Perinatol. 2017;41(8):511–8.

	12.	 Korpela K, Blakstad EW, Moltu SJ, Strømmen K, Nakstad B, Rønnestad AE, 
et al. Intestinal microbiota development and gestational age in preterm 
neonates. Sci Rep. 2018;8(1):2453.

	13.	 Wandro S, Osborne S, Enriquez C, Bixby C, Arrieta A, Whiteson K. The 
microbiome and metabolome of preterm infant stool are personalized 
and not driven by health outcomes, including necrotizing enterocolitis 
and late-onset sepsis. mSphere. 2018;3(3):e00104–18.

	14.	 Arboleya S, Binetti A, Salazar N, Fernández N, Solís G, Hernández-Barranco 
A, et al. Establishment and development of intestinal microbiota in 
preterm neonates. FEMS Microbiol Ecol. 2012;79(3):763–72.

	15.	 Duci M, Fascetti-Leon F, Erculiani M, Priante E, Cavicchiolo ME, Verlato G, 
et al. Neonatal independent predictors of severe NEC. Pediatr Surg Int. 
2018;34(6):663–9.

	16.	 Pickard SS, Feinstein JA, Popat RA, Huang L, Dutta S. Short-and long-term 
outcomes of necrotizing enterocolitis in infants with congenital heart 
disease. Pediatrics. 2009;123(5):e901–6.

	17.	 Kessler U, Schulte F, Cholewa D, Nelle M, Schaefer SC, Klimek PM, et al. 
Outcome in neonates with necrotizing enterocolitis and patent ductus 
arteriosus. World J Pediatr. 2016;12(1):55–9.

	18.	 Kessler U, Hau EM, Kordasz M, Haefeli S, Tsai C, Klimek P, et al. Congenital 
heart disease increases mortality in neonates with necrotizing enterocol-
itis. Front Pediatr. 2018;6:312.

	19.	 Cotton CM. Modifiable risk factors in necrotizing enterocolitis. Clin Perina-
tol. 2019;46(1):129–43.

	20.	 Rose AT, Patel RM. A critical analysis of risk factors for necrotizing entero-
colitis. Semin Fetal Neonatal Med. 2018;23(6):374–9.

	21.	 Lu Q, Cheng S, Zhou M, Yu J. Risk factors for necrotizing enterocolitis 
in neonates: a retrospective case-control study. Pediatr Neonatol. 
2017;58(2):165–70.

	22.	 Cotten CM, Taylor S, Stoll B, Goldberg RN, Hansen NI, Sanchez PJ, et al. 
Prolonged duration of initial empirical antibiotic treatment is associated 
with increased rates of necrotizing enterocolitis and death for extremely 
low birth weight infants. Pediatrics. 2009;123(1):58–66.

	23.	 Kuppala VS, Meinzen-Derr J, Morrow AL, Schibler KR. Prolonged initial 
empirical antibiotic treatment is associated with adverse outcomes in 
premature infants. J Pediatr. 2011;159(5):720–5.

	24.	 Alexander VN, Northrup V, Bizzarro MJ. Antibiotic exposure in the new-
born intensive care unit and the risk of necrotizing enterocolitis. J Pediatr. 
2011;159(3):392–7.

	25.	 Gordon PV, Swanson JR, Clark R, Spitzer A. The complete blood cell count 
in a refined cohort of preterm NEC: the importance of gestational age 
and day of diagnosis when using the CBC to estimate mortality. J Perina-
tol. 2016;36(2):121–5.

	26.	 D’Angelo G, Impellizzeri P, Marseglia L, Montalto AS, Russo T, Salamone 
I, et al. Current status of laboratory and imaging diagnosis of neonatal 
necrotizing enterocolitis. Ital J Pediatr. 2018;44(1):84.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Predictive factors for the surgical treatment of necrotizing enterocolitis in preterm infants: a single-center retrospective study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Subjects
	Statistical analysis

	Results
	Pre- and perinatal variables
	Clinical variables
	Laboratory variables

	Discussion
	Conclusions
	Acknowledgements
	References


